
Field of the Invention 

5 The present invention relates to a hinge device, and more particularly, to a hinge 

device for coupling two units in a device such as a portable radiotelephone, a PDA or a 
portable computer comprising two coupled units that can be moved to folded and unfolded 
positions of the device with respect to each other. 

10 Background of the Invention 

A portable device such as a portable folder-type radiotelephone includes two case 
units coupled to each other through a hinge device. Usually, one unit is provided with a 
keypad with buttons, and the other unit is provided with a liquid crystal display. When 
the radiotelephone is in use, the keypad and the liquid crystal display are moved to an 

15 unfolded position of the radiotelephone so that the keypad and display can be exposed to 
the outside. The hinge device allows the two units to be coupled to each other and to be 
smoothly moved to folded and unfolded positions of the radiotelephone. 

A typical hinge device is constructed as folldwsT^The^hinge^device comprises a 
rotating member, a linearly moving member, a resilient member, and a housing. The 

20 housing contains the rotating member, the linearly moving member and the resilient 
member. The rotating member can rotate about a rotation axis within the housing, and a 
portion of the rotating member protrudes outside of the housing to form a coupling portion. 
The linearly moving member is in contact with the rotating member, and does not rotate 
within the housing but moves linearly along a rotational shaft of the housing. The 

25 resilient member applies a force so that the linearly moving member and the rotating 
member can be brought into close contact with each other within the housing. At this 
time, contact surfaces of the linearly moving member and the rotating member are properly 
configured such that the rotating member easily rotates even without an external force in a 
certain range and is well maintained in a stationary state at a predetermined location. 

30 One of two case units of a portable radiotelephone that are intended to be coupled 
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to the hinge device constructed as above is fixed to the housing while the other is fixed to 
the coupling portion of the rotating member. The two units of the portable radiotelephone 
thus connected are maintained in the stationary state when they are at an unfolded or 
folded position of the radiotelephone through the operation of the hinge device. Further, 
5 in order to move the two units, which have been at the unfolded position or folded position 
of the radiotelephone, to the folded or unfolded position, a user should initially apply an 
external force to the two units with his/her hand in a certain range. In a range subsequent 
to the certain range, the two units are generally automatically moved to the folded or 
unfolded position. 

10 However, the two case units of the portable folder-type radiotelephone with the 

hinge device constructed as above are difficult to move to the unfolded position through 
180 or more degrees. Even though such movement of the two units may be established, 
the two units are not placed in the same plane or a portion of the two units protrudes from a 
plane due to the structure of the hinge device. 

15 

Summary of the Invention 

An object of the present invention is to provide a hinge device for coupling two 
units in a device such as a portable radiotelephone comprising two coupled units that can 
rotate to folded and unfolded positions of the device with respect to each other. Another 

20 object of the present invention is to provide a hinge device for coupling the two units such 
that the units can move to an unfolded position at 180 or more degrees. A further object 
of the present invention is to provide a hinge device that allows the two units to be placed 
in the same plane when they have moved to the unfolded position at 180 degrees. A still 
further object of the present invention is to provide a hinge device that allows the two units 

25 to move to an unfolded position at 360 degrees. 

According to an aspect of the present invention, there is provided a hinge device 
for coupling a first unit rotatable about a first rotation axis and a second unit rotatable 
about a second rotation axis parallel with the first rotation axis in an apparatus having the 
first and second units, comprising a housing; a first rotating member adapted to be coupled 

30 to the first unit and rotatable about the first rotation axis with respect to the housing; a 
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second rotating member adapted to be coupled to the second unit and rotatable about the 
second rotation axis with respect to the housing; a first linearly moving member 
cooperating with the first rotating member and linearly movable with respect to the 
housing; a second linearly moving member cooperating with the second rotating member 
5 and linearly movable with respect to the housing; a first resilient member urging the first 
linearly moving member against the first rotating member; and a second resilient member 
urging the second linearly moving member against the second rotating member. 

The first and second rotating members may be engagedly rotated in an interlocked 
state. The first and second rotating members may include mutually engaging gears so 

10 that the rotating members can rotate together with each other. 

The first and second linearly moving members may be engagedly moved. The 
first and second linearly moving members may be formed integrally with each other. 

In one embodiment, one of the first rotating member and the first linearly moving 
member includes a first cam portion and the other includes a first cam follower portion 

15 cooperating with the first cam portion, and one of the second rotating member and the 
second linearly moving member includes a second cam portion and the other includes a 
second cam follower portion cooperating with the second cam portion 

Each of the first and second cam portions may include an upward slant surface and 
a downward slant surface. The cam portion may include a first insertion groove into 

20 which the cam follower portion can be inserted at a distal end of the downward slant 
surface, a horizontal surface, and a second insertion groove into which the cam follower 
portion can be inserted. 

In one embodiment, the first cam portion includes a first fixing groove into which 
the first cam follower portion can be inserted and the second cam portion includes a second 

25 fixing groove into which the second cam follower portion can be inserted; when the first 
cam follower portion is inserted into the first fixing groove, the second rotating member 
can rotates while the first rotating member is maintained in a stationary state; and when the 
second cam follower portion is inserted into the second fixing groove, the first rotating 
member can rotates while the second rotating member is maintained in a stationary state. 

30 The first cam portion may include a horizontal surface contiguous to the first 
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fixing groove, and stoppers at both ends thereof for preventing movement of the first cam 
follower portion. The horizontal surface of the first cam portion may be provided with 
at least one stopper groove relatively shallower than the first and second fixing grooves. 
The second cam portion may further include an upward slant surface, a horizontal surface, 
5 and a stopper at one end thereof for preventing movement of the second cam follower 
portion. On the contrary, the second cam portion may include an upward slant surface 
and a downward slant surface. 

In one embodiment, one of the first rotating member and the first linearly moving 
member includes a first protrusion and the other includes a groove into which the first 

10 protrusion can be inserted, and one of the second rotating member and the second linearly 
moving member includes a second protrusion and the other includes a second groove into 
which the second protrusion can be inserted. The member provided with the first groove 
may be formed with a track for guiding movement of the first protrusion, and the member 
provided with the second groove may be formed with a track for guiding movement of the 

15 second protrusion. 

In one embodiment, the first and second linearly moving members are provided 
with through-holes, the first and second rotating members have extension rods extending in 
the first and second rotation axes, respectively, and the first and second linearly moving 
members and the first and second resilient members are fitted around the extension rods. 

20 In one embodiment, the housing has passages through which a circuit wire 

connecting between the first and second units passes. The first and second rotating 
members may be connected to the first and second units at one end of the housing, and the 
other end of the housing may be provided with holes through which a circuit wire passes. 

25 Brief Description of the Drawings 

Preferred embodiments of the present invention will be described with reference to 
the accompanying drawings so that those skilled in the art can clearly understand the 
objects and features of the present invention, in which: 

FIG. 1 is a perspective view of a portable radiotelephone employing a hinge device 
30 according to a first embodiment of the present invention; 
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FIGS. 2a and 2b are perspective views of the hinge device of FIG. 1; 

FIG. 3 is a perspective view showing the interior of the hinge device of the FIG. 2a 
with a case cover separated therefrom; 

FIG. 4 is an exploded perspective view of the hinge device of FIG. 2; 
5 FIG. 5 is a perspective view of a linearly moving member in FIG. 4; 

FIG. 6 is a perspective view of a second rotating member in FIG. 4; 

FIG. 7 is a view showing a deployed cam surface of the linearly moving member 
of FIG. 5; 

FIG. 8 is a side view showing states where the radiotelephone of FIG. 1 is folded 
10 and unfolded; 

FIG. 9 is a view showing a deployed cam surface of a modified example of the 
linearly moving member employed in the hinge device of FIG. 2; 

FIG. 10 is a perspective view of a hinge device according to a second embodiment 
of the present invention, with a case cover separated therefrom to show the interior of the 
15 hinge device; 

FIG. 11 is an exploded perspective view of the hinge device of FIG. 10; 

FIG. 12 is a perspective view of a first linearly moving member in FIG. 11; 

FIG. 13 is a perspective view of a second linearly moving member in FIG. 11; 

FIG. 14 is a perspective view of a modified example of the second linearly moving 
20 member in FIG. 1 1 ; 

FIGS. 15a and 15b are a view showing a deployed cam surface of the first linearly 
moving member of FIG. 12, and a view showing a deployed cam surface of the second 
linearly moving member of FIG. 13, respectively; 

FIG. 16 is a side view showing states where a radiotelephone employing the hinge 
25 device of FIG. 10 is folded and unfolded; 

FIG. 17 is a view showing a deployed cam surface of the linearly moving member 
of FIG. 14; 

FIG. 18 is a perspective view of a hinge device according to a third embodiment of 
the present invention, with a case cover separated therefrom to show the interior of the 
30 hinge device; 
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FIG. 19 is an exploded perspective view of the hinge device of FIG. 18; 

FIG. 20 is a perspective view of a linearly moving member in FIG. 19; 

FIG. 21 is a perspective view of a hinge device according to a fourth embodiment 
of the present invention, with a case cover separated therefrom to show the interior of the 
5 hinge device; and 

FIG. 22 is a perspective view showing a state where the hinge device of FIG. 21 is 
mounted in a portable radiotelephone. 



Detailed Description of the Preferred Embodiments 

10 FIG. 1 is a perspective view of a portable folder-type radiotelephone employing a 

hinge device according to a first embodiment of the present invention. Referring to FIG. 
1, a portable radiotelephone 5 includes a first unit 7 provided with a keypad, and a second 
unit 9 provided with a liquid crystal display. The first and second units 7 and 9 are 
rotatably coupled to each other by means of a hinge device 10. 

15 FIGS. 2 to 8 are views of the hinge device with two shafts according to the 

embodiment of the present invention shown in FIG. 1. In the hinge device of this 
embodiment, the two shafts are engagedly operated. Referring to FIGS. 2a to 7, the hinge 
device 10 includes a case 20, first and second rotating members 30 and 40, a linearly 
moving member 50, first and second resilient members 98 and 99, a supporting plate 100, 

20 and a case cover 24. 

Referring to FIGS. 1 to 4, the case 20 includes first and second end walls 21 and 
22, and a sidewall 23 for connecting the first and second end walls 21 and 23 to each other. 
The case cover 24 closes an opening that is not covered by the sidewall 23. When the 
cover 24 is coupled to the case 20, passage holes 201 are defined at both sides (only one 

25 side is shown in FIG. 2a) of the hinge device adjacent to the second end wall 22. The 
passage holes 201 communicate with a second chamber 27 of the case 20 to be described 
later. Electrical wires (preferably, a flexible printed cable) for connecting the first and 
second units 7 and 9 of the radiotelephone 5 to each other pass through the passage holes 
201. The first end wall 21 is provided with two through-holes 211 and 212. The second 

30 end wall 22 is provided with first and second cylindrical coupling stubs 221 and 222 
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protruding outside at positions corresponding to the two through-holes 21 1 and 212 formed 
at the first end wall 21. Although not specifically shown in the figures, the first and 
second coupling stubs 221 and 222 are inserted into coupling holes provided in the first 
unit (designated by reference numeral 7 in FIG. 1) and the second unit (designated by 
5 reference numeral 9 in FIG. 1) of the portable radiotelephone (designated by reference 
numeral 5 in FIG. 1), respectively. The units freely rotate with respect to the respective 
coupling stubs. A first rotation axis 105 passes through the center of the first coupling 
stub 221 and the center of a first rotating member 30 to be described later. The first unit 7 
of the portable radiotelephone 5 rotates about the first rotation axis 105 with respect to the 

10 hinge device 10. A second rotation axis 110 passes through the center of the second 
coupling stub 222 and the center of a second rotating member 40 to be described later. 
The second unit 9 of the portable radiotelephone 5 rotates about the second rotation axis 
110 with respect to the hinge device 10. 

Referring to FIGS. 3 and 4, a supporting wall 25 is provided in the case 20 to be 

15 parallel with the two end walls 21 and 22 at an intermediate position therebetween. The 
supporting wall 25 is provided with U-shaped passages 251 and 252 at positions 
corresponding to the two through-holes 211 and 212 formed at the first end wall 21, 
respectively. The inner space of the case 20 is partitioned by the supporting wall 25 into a 
first chamber 26 on the side of the first end wall 21 and the second chamber 27 on the side 

20 of the second end wall 22. The first chamber 26 contains the first and second rotating 
members 30 and 40, a linearly moving member 50, first and second resilient members 98 
and 99, and a supporting plate 100, which will be described later. 

Referring to FIGS. 3, 4 and 6, the first and second rotating members 30 and 40 
take the shape of elongated posts extending between the first end wall 21 and the 

25 supporting wall 25 of the case 20. The two rotating members 30 and 40 are configured to 
be the same as or symmetric with each other. The first and second rotating members 30 
and 40 include first and second gear portions 32 and 42, first and second coupling portions 
34 and 44, first and second cam follower portions, and first and second extension rods 38 
and 48, respectively. Only the second rotating member 40 will be described in detail 

30 below. A gear 41 is formed on a peripheral surface of the second gear portion 42 and 
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engaged with a gear 31 of the first gear portion 32 so that the gears can be engaged with 
each other to rotate in opposite directions. A side surface of the second gear portion 42 is 
placed in the first chamber 26 of the case 20 to face the first end wall 21. The second 
coupling portion 44 is provided with a key surface 43 and extends from the second gear 
5 portion 42 to protrude outside of the case 20 through the through-hole 212 of the first end 
wall 21. Although not specifically shown in the figures, the first and second coupling 
portions 34 and 44 of the first and second rotating members 30 and 40 are engaged with 
the coupling holes formed in the first unit (designated by reference numeral 7 in FIG. 1) 
and the second unit (designated by reference numeral 9 in FIG. 1) of the portable 

10 radiotelephone (designated by reference numeral 5 in FIG. 1), respectively, to rotate 
together with the units. The second extension rod 48 extends from the second gear 
portion 42 to the supporting wall 25 of the case 20 so that a distal end of the second 
extension rod can be fitted into the passage 252. The second cam follower portion is 
provided with two cam follower protrusions 46 placed at an interval of 180 degrees. The 

15 two cam follower protrusions 46 protrude from the second gear portion 42 at both lateral 
sides of the second extension rods 48. 

Referring to FIGS. 3, 4 and 5, the linearly moving member 50 includes a base 
plate 52, and first and second cam portions 54 and 56 formed on the base plate 52. 
Through-holes 541 and 561 are formed at the centers of the first and second cam portions 

20 54 and 56, respectively. The extension rods 38 and 48 of the first and second rotating 
members 30 and 40 are fitted into the through-holes 541 and 561 so that the first and 
second cam portions 54 and 56 can face and cooperate with the cam follower protrusions 
36 and 46 of the first and second rotating members 30 and 40. 

A profile of a cam surface of the first cam portion 54 and a profile of a cam 

25 surface 57 of the second cam portion 56 are symmetric with each other about a centerline 
for separating the two cam portions. A portion of the profile of the cam portion 55 of the 
cam surface 55 corresponding to one cam follower 36 is shown in FIG. 7, wherein 
exemplary values of angles are also shown. The cam profile shown in FIG. 7 appears 
twice at an interval of 180 degrees on the first cam portion 54. Referring to FIG. 7, the 

30 cam surface 55 sequentially includes an upward slant surface 551, a downward slant 
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surface 552, a first insertion groove 553, a horizontal surface 554, and a second insertion 
groove 555. A high and steep wall is placed next to the second insertion groove 555 so 
that the cam follower protrusion 36 cannot proceed further. The cam follower protrusion 
36 moves between a location (position PI) on the upward slant surface 551 and the second 
5 insertion groove 555. 

Referring to FIGS. 3 and 4, the first and second resilient members 98 and 99 are 
compression coil springs and fitted around the first and second extension rods 38 and 48 of 
the first and second rotating members 30 and 40, respectively. One side of each of the 
first and second resilient members 98 and 99 is in contact with the linearly moving 

10 member 50 and the other side is in contact with the supporting plate 100, which will be 
described later, to urge the linearly moving member 50 against the cam follower 
protrusions 36 and 46. 

Referring to FIGS. 3 and 4, the supporting plate 100 is contained in the first 
chamber 26 of the case 20 to be disposed between the supporting wall 25 and the resilient 

15 members 98 and 99. The supporting plate 100 is provided with two passages 101 and 102 
through which the first and second extension rods 38 and 48 of the first and second rotating 
members 30 and 40 pass. The supporting plate 100 facilitates assembly works by 
beforehand compressing the first and second resilient members 98 and 99. 

Now, the operation of the hinge device according to this embodiment will be 

20 described with reference to FIGS. 2 to 8. As shown in FIG. 2, the first and second 
rotating members 30 and 40 rotate in opposite directions at the same angle since they are 
connected by means of the gears 3 1 and 41. FIG. 8 shows the corresponding positions of 
the second unit 9 of the portable radiotelephone 5 when the cam follower protrusion 36 of 
the first cam follower portion is located at positions PI, P2, P3 and P4 on the cam surface 

25 55 of the first cam portion 54 shown in FIG. 7. Although not shown in the figure, a 
cooperative relationship between the second cam portion 56 and the cam follower 
protrusion 46 of the second cam follower portion is the same as that between the first cam 
portion 54 shown in FIG. 7 and the first cam follower portion. As for same positions PI 
to P4, the angles shown in FIG. 8 are twice as large as the relevant angles shown in FIG. 7. 

30 It can be understood by those skilled in the art that this is because FIG. 7 shows the 
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rotation angle of the first rotating member 30 connected to the first unit 7 of the portable 
radiotelephone 5, whereas the rotation angle of the second unit 9 with respect to the first 
unit 7 shown in FIG. 8 is the sum of the rotation angles of the first and second rotating 
members 30 and 40. 

5 Referring to FIGS. 7 and 8, position PI corresponds to a state where the second 

member 9 is at a fully folded position of the radiotelephone. Since the cam follower 
protrusion 36 is placed on the upward slant surface 36, the radiotelephone 5 receives a 
force so that it can be continuously maintained in the folded state. In a range from 
position PI to position P2, the first unit 7 of the portable radiotelephone 5 rotates from 0 to 

10 15 degrees with respect to the hinge device 10. In this range, the first unit 7 is subjected 
to a force that causes it to automatically move to the folded position of the portable 
radiotelephone by means of the cooperation of the cam follower protrusion 36 and the 
upward slant surface 551 . Further, the angle between the first and second units 7 and 9 of 
the radio radiotelephone 5 in this range increases from 0 to 30 degrees. In a range from 

15 position P2 to position P3, the first unit 7 of the portable radiotelephone 5 rotates from 15 
to 65 degrees with respect to the hinge device 10. In this range, the first unit 7 is 
subjected to a force that causes it to automatically move to an unfolded position of the 
portable radiotelephone by means of cooperation between the cam follower protrusion 36 
and the downward slant surface 552. Further, the angle between the first and second units 

20 7 and 9 of the radio radiotelephone 5 in this range increases from 30 to 130 degrees. At 
position P3, the cam follower protrusion 36 is inserted into and stops in the first insertion 
groove 553. At any location between positions P3 and P4, a force is exerted on the 
second unit 9 to stop thereat. Position P4 is a position where the first unit 7 of the 
portable radiotelephone 5 has rotated by 90 degrees with respect to the hinge device 10. 

25 At position P4, the cam follower protrusion 36 is inserted into and stops in the second 
insertion groove 555. FIG. 3 shows the hinge device in this state. 

The cam surface may be configured as shown in FIG. 9 differently to that shown 
in FIG. 7. That is, a cam surface 58 sequentially includes an upward slant surface 581, a 
first horizontal surface 582, a first insertion groove 583, a second horizontal surface 584, 

30 and a second insertion groove 585. A high wall is placed next to the second insertion 
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groove 585 so that the cam follower protrusion 36 cannot proceed further. When the cam 
follower protrusion 36 is located at position PI, the portable radiotelephone is maintained 
in the fully folded state. When the cam follower protrusion 36 is located at position P4, 
i.e. in the second insertion groove 585, the portable radiotelephone is fixed at an unfolded 
5 position at 180 degrees (at position P4 shown in FIG. 8). When the cam follower 
protrusion 36 is located at position P3, i.e. in the first insertion groove 583, the angle 
between the two units of the portable radiotelephone becomes 130 degrees in a state 
corresponding to P3 in FIG. 8. When the cam follower protrusion 36 is located on the 
first or second horizontal surface 582 or 584, the portable radiotelephone is maintained in a 

10 stationary state at an arbitrary position. Although the first insertion groove 553 or 583 
has been shown in FIGS. 7 and 9 as being located to define 65 degrees, the present 
invention is not limited thereto. The first insertion groove 553 or 583 may be located at 
any positions to be formed at a variety of different angles. 

Although the operating angles of the hinge device have been described by way of 

15 examples in the aforementioned embodiment, the present invention is not limited thereto. 
It can be understood by those skilled in the art that the operating angles may be set 
differently. 

FIGS. 10 to 17 are views of a hinge device with independently operating two axes 
according to a second embodiment of the present invention. Referring to FIGS. 10 to 13, 

20 a hinge device 10b includes a case 20b, first and second rotating members 30b and 40b, 
first and second linearly moving members 60b and 70b, first and second resilient members 
98b and 99b, first and second supporting plates 110b and 120b, and a case cover 24b. 

The configuration of the case 20b is similar to that of the case 20 of the first 
embodiment except that the first chamber 26b is provided with an upright separation wall 

25 29b that connects a supporting wall 25b to a first end wall 21b. The first chamber 26b is 
divided into two halves, i.e. a first sub-chamber 261b and a second sub-chamber 262b, by 
means of separation wall 29b. The first sub-chamber 261b contains the first rotating 
member 30b, the first linearly moving member 60b, the first resilient member 98b and the 
first supporting plate 110b, which will be described later. The second sub-chamber 262b 

30 contains the second rotating member 40b, the second linearly moving member 70b, the 
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second resilient member 99b and the second supporting plate 120b, which will be 
described later. The first and second rotating members 30b and 40b rotate about first and 
second rotation axes 105 and 110, respectively. 

The first and second rotating members 30b and 40b take the shape of elongated 
5 posts extending between the first end wall 21b and the supporting wall 25b within the first 
and second sub-chambers 261b and 262b, respectively. The first and second rotating 
members 30b and 40b include base portions 32b and 42b, coupling portions 34b and 44b, 
cam follower portions, and extension rods 38b and 48b, respectively. Since the rotating 
members 30b and 40b have the same configuration as each other, only the first rotating 

10 member 30b will be described in detail below. The base portion 32b is in the form of a 
disk of which one end surface faces to the first end wall 21b of the first sub-chamber 261b 
of the case 20b. The coupling portion 34b is in the form of a rectangular rod and extends 
from the base portion 32b so that it can protrudes outside of the case 20b through a 
through-hole 211b of the first end wall 21b. Although not specifically shown in the 

15 figures, the coupling portions 34b and 44b of the first and second rotating members 30b 
and 40b are engaged with the coupling holes provided in the first unit (designated by 
reference numeral 7 in FIG. 1) and the second unit (designated by reference numeral 9 in 
FIG. 1) of the portable radiotelephone (designated by reference numeral 5 in FIG. 1) and 
rotate along with the first and second units, respectively. The extension rod 38b extends 

20 from the base portion 32b to the supporting wall 25b of the case 20b so that a distal end of 
the extension rod can be fitted into a passage 251b. The cam follower portion is provided 
with two cam follower protrusions 36b placed at an interval of 1 80 degrees. The two cam 
follower protrusions 36b protrude from the base portion 32b at both lateral sides of the 
extension rods 38b. 

25 Through-holes 62b and 72b are formed at the centers of the first and second 

linearly moving members 60b and 70b, respectively. The extension rods 38b and 48b of 
the first and second rotating members 30b and 40b are fitted into the through-holes 62b 
and 72b. The first and second linearly moving members 60b and 70b have cam portions 
64b and 74b formed at surfaces thereof facing the cam follower protrusions 36b and 46b of 

30 the first and second rotating members 30b and 40b, respectively. The cam follower 
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protrusion 36b of the first rotating member 30b cooperates with the cam portion 64b of the 
first linearly moving member 60b, while the cam follower protrusion 46b of the second 
rotating member 40b cooperates with the cam portion 74b of the second linearly moving 
member 70b. Cam profiles of the cam portions 64b and 74b of the first and second 
5 linearly moving members 60b and 70b are partially shown in FIGS. 15a and 15b, 
respectively. 

Referring to FIGS. 15a and 15b, the cam portion 64b of the first linearly moving 
member sequentially includes a fixing groove 641b (which is a groove relatively deeper 
than a stopper groove to be described later), a first horizontal surface 642b, a first stopper 

10 groove 643b, a second horizontal surface 644b, and a second stopper groove 645b. Outer 
sides of the fixing and stopper grooves 641b and 645b are blocked with high walls so that 
the cam follower protrusion 36b of the first rotating member cannot proceed further. The 
cam follower protrusion 36b of the first rotating member moves between the fixing groove 
641b and the second stopper groove 645b. The portion of the cam profile shown in FIG. 

15 1 5a is repeatedly placed at an interval of 1 80 degrees on the first linearly moving member. 

Referring to FIG. 15b, the cam portion 74b of the second linearly moving member 
sequentially includes an upward slant surface 741b, a horizontal surface 742b, and a fixing 
groove 743b. The fixing groove 743b is deeper than the first and second stopper grooves 
642b and 643b provided at the cam portion 64b of the first linearly moving member. A 

20 high wall is placed next to the fixing groove 743b so that the cam follower protrusion 46b 
of the second rotating member cannot proceed further. The cam follower protrusion 46b 
of the second rotating member moves between a location (position C4) on the upward slant 
surface 741b and the fixing groove 743b. 

Referring to FIGS. 10 and 11, the first and second resilient members 98b and 99b 

25 are fitted around the first and second extension rods 38b and 48b of the first and second 
rotating members 30b and 40b, respectively. One ends of the first and second resilient 
members 98b and 99b are in contact with the linearly moving members 60b and 70b and 
the other ends are in contact with the first and second supporting plates 110b and 120b to 
urge the first and second linearly moving members 60b and 70b against the cam follower 

30 protrusions 36b and 46b of the first and second rotating members 30b and 40b, respectively. 
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The first and second supporting plates 1 10b and 120b take the same shape as each 
other and are contained in the first and second sub-chambers 261b and 262b of the case 
20b to be in contact with the supporting wall 25b, respectively. The first and second 
supporting plates 110b and 120b are in contact with the other ends of the first and second 
5 resilient members 98b and 99b, respectively. The two supporting plates 110b and 120b 
are provided with passages 111b and 112b, respectively, so that the first and second 
extension rods 38b and 48b of the first and second rotating members 30b and 40b can pass 
therethrough. The supporting plates 110b and 120b facilitate assembly works by 
beforehand compressing the resilient members 98b and 99b. It can be understood by 

10 those skilled in the art that the supporting plates may be omitted, if necessary. 

FIG. 16 shows the corresponding positions of the second unit 9 of the portable 
radiotelephone 5 when the cam follower protrusions 36b and 46b are located at positions 
CI, C2, C3, C4, C5 and C6 on the first and second cam portions 64b and 74b of the first 
and second linearly moving members shown in FIG. 15, respectively. Referring to FIGS. 

15 15 and 16, position PI corresponds to a state where the second member 9 is at a fully 
folded position of the radiotelephone. At this time, the cam follower protrusions 36b and 
46b of the first and second rotating members are located at positions CI and C4, 
respectively. When the second unit 9 of the portable radiotelephone 5 is moved to an 
unfolded position of the portable radiotelephone in such a state, the cam follower 

20 protrusion 36b of the first rotating member is engaged in the fixing groove 641b and does 
not move, whereas the cam follower protrusion 46b of the second rotating member rides 
upward on the upward slant surface 741b. When the cam follower protrusion 46b of the 
second rotating member is located at position C5, the second unit 9 is located at position 
P2 in FIG. 16. When the second unit 9 is further moved away from the first unit, the cam 

25 follower protrusion 46b of the second rotating member moves to position C6 while the cam 
follower protrusion 36b of the first rotating member remains engaged. This state 
corresponds to a state where the second unit 9 is located at position P3 in FIG. 16. When 
the second unit 9 of the portable radiotelephone 5 is further moved away from the first unit 
in such a state, the cam follower protrusion 46b of the second rotating member cannot 

30 proceed further, whereas the cam follower protrusion 36b of the first rotating member 



15 



escapes from the fixing groove 641b and moves to position C2. This state corresponds to 
a state where the second unit 9 is located at position P4 in FIG. 16. When the second unit 
9 of the portable radiotelephone 5 is further moved away from the first unit in such a state, 
the cam follower protrusion 36b of the first rotating member moves to and is engaged at 
5 position C3. This state corresponds to a state where the second unit 9 is located at 
position P5 and is at an unfolded position at 180 degrees in FIG. 16. When the cam 
follower protrusion 46b of the second rotating member is located on the horizontal surface 
742b of the cam portion 74b of the second linearly moving member, or the cam follower 
protrusion 36b of the first rotating member is located on the first or second horizontal 

10 surface 642b or 644b of the cam portion 64b of the first linearly moving member, the 
second unit 9 is maintained in a stationary state at an arbitrary position. 

When the second unit 9 is moved toward the first unit, the cooperation between the 
first linearly moving member 60b and the first rotating member 30b first occurs since the 
cam follower protrusion 46b of the second rotating member 40b has been inserted into the 

15 fixing groove 743b. Then, cooperation between the second linearly moving member 70b 
and the second rotating member 40b occurs. 

The cam portion of the second linearly moving member may have a profile shown 
in FIG. 17 rather than the profile shown in FIG. 15b. FIG. 14 is a perspective view of a 
linearly moving member having this cam profile. That is, a cam portion 74c of the 

20 second linearly moving member sequentially includes an upward slant surface 741c, a 
downward slant surface 742c, and a fixing groove 743c. A high wall is placed next to the 
fixing groove 743c so that the cam follower protrusion 46b cannot proceed further. The 
cam follower protrusion 46b moves between a location on the upward slant surface 741c 
and the fixing groove 743c. 

25 In the above embodiments, the end wall of the case is formed with coupling 

portions to which the first and second units of the portable radiotelephone are coupled in a 
freely rotatable state. However, the present invention is not limited thereto. In the hinge 
device of the above embodiments, the end wall may be provided with through-holes rather 
than the coupling portions so that the extension rods of the first and second rotating 

30 members can pass therethrough and thus distal ends of the extension rods can be coupled 
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to the first and second units of the portable radiotelephone. 

FIGS. 18 to 20 are views of a hinge device according to a third embodiment of the 
present invention. Referring to FIGS. 18 and 19, a hinge device 10c includes a case 20c, 
first and second rotating members 30c and 40c, a linearly moving member 50c 3 first and 
5 second resilient members 98c and 99c, a supporting plate 100c, first and second coupling 
rods 96c and 97c, and a case cover 24c. Compared with the case 20 shown in FIG. 4, the 
case 20c is the same as the case 20 in view of their configurations except that it is provided 
with through-holes 223 and 224 instead of the coupling stubs 221 and 222. Coupling 
portions 961 and 971 of the first and second coupling rods 96c and 97c to be described 
10 later pass through the two through-holes 223 and 224 and protrude outside of the case, 
respectively. 

The first and second rotating members 30c and 40c are configured to be symmetric 
with each other. The first and second rotating members 30c and 40c include first and 
second gear portions 32c and 42c with mutually engaging gears, respectively. Both sides 

15 of the first and second gear portions 32c and 42c are provided with coupling portions 34c 
and 44c in the form of a quadrangular rod and extension rods 38c and 48c, respectively. 
Each of the two gear portions 32c and 42c is provided with two hemispherical protrusions 
36c and 46c at an interval of 180 degrees. Distal ends of the extension rods 38c and 48c 
are provided with coupling grooves 381 and 481. Distal ends of the coupling rods 96c 

20 and 97c to be described later are engaged with the coupling grooves 381 and 481 . 

Referring to FIGS. 18 to 20, the linearly moving member 50c is provided with 
circular tracks 52c along which the protrusions 36c and 46c move, and recesses 51c and 
53c formed within the tracks into which the protrusion can be inserted. Each track has a 
pair of recesses 53c at right and left sides thereof and a pair of recesses 51c at upper and 

25 lower sides thereof. When the protrusions 36c and 46c are inserted into the pair of 
recesses 53c at the right and left sides, the two units of the portable radiotelephone are 
fixed in the unfolded state at 180 degrees. This state is shown in FIGS. 18 and 19. 
Those skilled in the art can understand the following. When the protrusions are inserted 
into the recesses 5 lc at the upper and lower sides by applying a force to one of the units to 

30 rotate one of the rotating members in a direction, the portable radiotelephone is fixed in the 
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folded state. When the protrusions are inserted into the recesses 51c by rotating one of 
the rotating members in an opposite direction, the portable radiotelephone is fixed in an 
unfolded state at 360 degrees. When the protrusions 36c and 46c escape from the 
recesses 51c and 53c, they can be maintained in a stationary state at arbitrary positions. 
5 In addition to the recesses 51c and 53c shown in FIG. 20, a desired number of recesses 
may be formed at required circumferential positions in the tracks 52c. 

Referring to FIGS. 18 and 19, the two coupling rods 96c and 97c includes the 
coupling portions 961 and 971 in the form of a quadrangular rod, and extensions 962 and 
972, respectively. Stopper plates 969 and 979 are provided between the coupling portions 

10 961 and 971 and the extensions 962 and 972, respectively, so that the coupling rods cannot 
escape from the through-holes 223 and 224 at the end wall of the case 20c. Protruding 
end portions 963 and 973 are provided at distal ends of the extensions. The protruding 
end portions 963 and 973 are inserted into the coupling grooves 381 and 481 of the 
extension rod 38c and 48c of the rotating members 30c and 40c to allow the extension rods 

15 38c and 48c and the coupling rods 96c and 97c to rotate together with each other. 
Consequently, the first and second units 7 and 9 are coupled to the coupling portions 34a 
and 44c of the extension rods 38c and 48c and the coupling portions 961 and 971 of the 
coupling rods 96c and 97c, respectively. Since the other configurations are the same as 
the first embodiment, a detailed description thereof will be omitted. It can be understood 

20 by those skilled in the art that the hinge device of this embodiment provides a feature of a 
so-called "free stop type hinge" by means of the protrusions 36c and 46c, the tracks 52c 
and the recesses 51c and 53c and the two units coupled to the hinge device can be moved 
to the unfolded position of the portable radiotelephone at 360 degrees. 

Meanwhile, in the first and second embodiments, it has been described that the 

25 passages are formed at the both sides of the case and a connecting wires between the first 
and second units 7 and 9 passes through the passages. However, the present invention is 
not limited thereto. 

FIG. 21 shows a hinge device according to a fourth embodiment of the present 
invention, with a case cover disassembled therefrom. When the hinge device of the 
30 fourth embodiment is compared with the hinge device of the third embodiment with 
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reference to FIGS. 18 and 21, the hinge device of the fourth embodiment is very similar to 
the third embodiment shown in FIG. 18 in view of their configurations except that a 
passage 225d is provided at a second end wall 2 Id to allow two through-holes 223d and 
224d to communicate with each other and the coupling rods (96c and 97c in FIG. 18) is not 
5 provided. 

Referring to FIGS. 21 and 22, a flexible printed cable 300d as an electrical 
connection circuit wire is used between two units 7d and 9d. The flexible printed cable 
300d is constructed in such a manner that both branches thereof extend from respective 
ones of the units 7d and 9d toward the other units and are bent toward the hinge lOd to 

10 extend into the hinge lOd and then bent back in the original direction to meet each other. 
An intermediate portion 30 Id that is bent toward and extends into the hinge is inserted into 
the hinge through the two through-holes 223c and 224c and the passage 225d to be 
contained in a second chamber 27d of a case 20d. Referring to FIGS. 21 and 22, one 
branch of the flexible printed cable 300d extends and is connected to the first unit 7d of the 

15 portable radiotelephone 5d and the other branch thereof extends and is connected to the 
second unit 9. Since the intermediate portion 30 Id of the flexible printed cable 300d is 
contained in the second chamber 27d of the hinge device lOd so that it cannot be exposed 
to the outside, the flexible printed cable 300d can more safely connect the first and second 
units 7d and 9d of the portable radiotelephone 5 to each other. Although not specifically 

20 shown in figures, the first and second units 7d and 9d include coupling projections that 
surround the connection circuit wire and are rotatably inserted into the two through-holes 
223d and 224d of the hinge device lOd, respectively. Although not specifically shown in 
the figures, it can be understood by those skilled in the art from the above description that 
the coupling projections are constructed such that the flexible printed cable 300d passes 

25 through and is well contained within the coupling projections. 

According to the hinge device of the present invention, a portable folder-type 
radiotelephone can be unfolded at 180 or even 360 degrees. Further, when the portable 
folder-type radiotelephone is unfolded by 180 degrees, the unfolded folder-type 
radiotelephone can take the shape of a conventional portable bar-type radiotelephone in 

30 that there is no protruding intermediate portion or staggering of two units. If such a hinge 
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device has the components in the embodiments, it can provide a variety of operating 
features. Further, it can provide flexible circuit wire connection. 

Although the hinge device of the present invention has been described by way of 
examples as being applied to portable radiotelephones in the embodiments, it is not limited 
5 thereto. It can be understood by those skilled in the art that the hinge device of the 
present invention can be applied to any apparatuses with two rotatably coupled units in 
addition to portable radiotelephones. 

Although the present invention has been described in connection with the 
preferred embodiments, it can be understood by those skilled in the art that various 
10 modifications and changes can be made thereto without departing from the scope and spirit 
of the present invention and that such modifications and changes also fall within the scope 
of the present invention. 



